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1. Introduction

In this document, we provide a simple analytic model to study the impact on signaling due to idle mode mobility between E-UTRA and UTRA/GSM for two different potential solutions described in the Appendix D of TR 23.882. The two schemes studied are for the case that E-UTRA cells and UTRA cells belong to different tracking areas. We study the following two idle mode mobility management solutions with the analytic model:

Scheme 1: UE makes a tracking-area update whenever it crosses a technology boundary (D.2.1: Do Nothing scheme)

Scheme 2: UE remains camped on the last RAT (D.2.5). UE transitions to the new RAT and makes an update only if there is an incoming call and the new RAT is the preferred technology (e.g. E-UTRA), or if it moves to a region where there is no coverage of the last RAT. 
For greater explanation of the UE behaviour please refer to Appendix D. With the analytical model we study the impacts of two important field deployment scenarios for E-UTRA on the amount of signalling: 

(a) Extent of E-UTRA coverage relative to UTRA (α is ratio of E-UTRA coverage to UTRA coverage. UTRA coverage is assumed ubiquitous)

(b) Size of pockets of E-UTRA coverage (η is the average area of each E-UTRA pocket) 
The model is able to provide quantitative results that support the intuition about reduction in idle-mode signalling and predict numerically the reduction in signalling. The model takes into account call-arrival rates and speed of the UE.  

2. System Model and Analytical Results
For our analysis, we consider a region of area S, consisting of two distinct kinds of coverage scenarios as shown in Figure 1.  Area 1 contains cells with UTRA coverage only and area 2 is covered by both UTRA and evolved UTRA.  The area of each cell is A..  Area 2 occupies a fraction α of the total area S, and is distributed as circular pockets.  We will refer to these as E-UTRA pockets and the average area of each pocket is η.  
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Figure 1. Sample coverage scenarios

Based on the analysis shown in Annex A, the rates of inter-technology updates per UE for the two schemes are given by:
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where,

N is the total number of UEs distributed uniformly across the region,

α is the fraction of the total area served by both UTRA and E-UTRA,

γ is the average rate of cell handovers per UE,
η is the average area of each E-UTRA pocket, 

λ is the average call-activity rate per UE (both incoming and outgoing), 

A is the area of each cell.
In scheme 2, when a dual-mode UE is camping on in UTRA being in area 2, it has to perform an active mode handover to E-UTRA when a call activity occurs.  This handover will introduce some call setup delay.  It should be noted that only the first call in area 2 will have to endure this call setup delay. The fraction of calls undergoing this call setup delay can be given by:
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All the results in this document are for the scenario with cells of unit area i.e., A = 1

Figure 2 shows the rate of inter-technology updates as a function of the rate of cell handovers for both the schemes.  Scheme 2 clearly offers a lower rate of updates than scheme 1 and the rate of update messages increases as the call activity rate, λ, increases.  In the figures, λ is given in units of calls per second. As γ increases, the rate of update messages increases linearly for scheme 1 and this scheme is independent of the call-activity rate.  However for scheme 2, it increases in the initial portion and will saturate at a certain value. In general, as the speed of users increases, it becomes more important to use smarter techniques for inter-technology signalling reduction.
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Figure 2. Impact of call activity rate (Scheme 1: Update on transition, Scheme 2: Camped on last RAT)
2.1   Impact of E-UTRA pocket-size for a given E-UTRA coverage fraction:
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Figure 3. Impact of the area of one E-UTRA pocket (Scheme 1: Update on transition, Scheme 2:Camped on last RAT).
Figure 3 shows the impact of the average area of one E-UTRA pocket on the rate of inter-technology updates.  For a fixed α, the number of E-UTRA pockets decreases as η increases.  As a result, the rate of updates comes down for scheme 1.  For the proposed scheme 2, the probability of receiving/making more than one call in E-UTRA pocket increases as η increases but the inter-technology update is made only for the first call.  Hence, for a fixed call activity rate, number of inter-technology updates decreases as the area of a E-UTRA pocket increases.  The difference between the two schemes is larger for smaller η because of the increased number of boundary crossings. The updates are made at every such crossing for scheme 1 but the updates for scheme 2 depend on the call activity. This shows that when E-UTRA pockets are contiguous, it is less important to take measures to reduce inter-technology updates.
2.2 Impact of E-UTRA coverage area

The effect of the fraction of the area covered by E-UTRA is shown in figure 4.  When the fraction α, increases for a fixed η, the number of E-UTRA pockets increases and hence the number of inter-technology updates also increase.  This is true for both the schemes.  The difference between the two schemes is larger when α is larger for exactly the same reasons as described earlier.  
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Figure 4. Impact of the fraction of E-UTRA coverage area (Scheme 1: Update on transition, Scheme 2:Camped on last RAT).
The impact on the fraction of calls incurring call setup delay in scheme 2 due to different parameters is shown in figure 5.  From figure 5 (a), we can see that for a fixed per E-UTRA pocket area, the fraction of calls impacted increases linearly with the fraction of E-UTRA coverage, α, because the number of E-UTRA pockets increase and hence the number of calls received/made as a first call in an E-UTRA area increases.  In other words, as the number of E-UTRA pockets increase without being contiguous, scheme 2 will introduce more call setup delays.  Figure 5 (b) shows the effect of average call activity rate and we observe a reduction in the number of calls incurring delay as λ increases.  This is because a majority of calls fall under the category of second or more calls made/received inside the E-UTRA coverage area.
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Figure 5. Impact of (a) Fraction of E-UTRA coverage, (b) Average call activity rate, (c) Average area of one E-UTRA pocket, and (d) Rate of cell handovers on the fraction of calls undergoing call setup delay in scheme 2.

The number of calls enduring delay decreases as the average area of one E-UTRA pocket increases as shown in figure 5 (c).  As before, as η increases for a fixed α, the number of E-UTRA pockets decreases and hence more call activities will come under the variety of second or more calls inside the E-UTRA area.  Only the first call inside an E-UTRA area will have to do an active mode handover to E-UTRA and hence undergo the delay.  As the rate of cell handovers increase, the fraction of calls incurring delay will increase and saturate at the fraction of E-UTRA coverage area, α.  This is shown in figure 5 (d). The increase is due to the fact that the probability of UE receiving/making two or more calls in an E-UTRA area before moving out of it is smaller as the UE moves faster. 
3 Conclusions

We have presented an analytic model and results that quantify the advantages in reduction in tracking area update signalling by the Scheme  in section D.2.5 in TR 23.882 in which the UE remains camped in the last RAT.  We have shown the impact of different modelling parameters on the rate of inter-technology updates.  The results indicate the magnitude of benefits that can be obtained by using better techniques to reduce inter-technology updates compared to the “do-nothing” solution.  

4. Annex A – Analysis
Assuming random motion of the UE, the probability that the UE makes a transition from area 1 to area 2 is given by:
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where the circumferences of each cell and each E-UTRA pocket are given by 2√(πA) and 2√(πη) respectively.  There are (1-α)S/A cells in area 1 and αS/η E-UTRA pockets.  

Similarly, the transition probability from area 2 to area 1 is given by:
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where αS/A is the number of cells in area 2.  

Let γ be the average rate of cell handovers and λ be the average call-activity rate (both incoming and outgoing) for a given mobile.  In other words, the cell residence times are exponentially distributed with a mean of 1/ γ. Then the probability that a call arrives before a transition from area 2 to area 1 occurs is given by:
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For scheme 1, the rate of inter-technology updates per UE is given by the weighted sum of the rate of transitions between areas 1 and 2, where the weights are the probabilities that the UE is present in the corresponding areas.  This can be written as follows:
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However, for scheme 2, the rate of inter-technology updates will be scaled by the probability that a call arrives before the mobile moves from area 2 to area 1.
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Half the number of updates for scheme 2 happen when the UE receives the call in area 2. The rest of them happen when the UE transitions from area 2 to area 1.  Hence, the fraction of calls undergoing call setup delay can be given by:
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[image: image29.jpg]Impact of the fraction of E-UMTS coverage area
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